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Introduction {#sec1}
============

Following an ischemic insult, regions surrounding the infarct, known as the peri-infarct region, respond with several forms of cortical plasticity, including dendritic remodeling ([@bib4]), axonal sprouting ([@bib11], [@bib23]), and cortical remapping ([@bib14]). Running concurrent with these forms of plasticity is the enhanced proliferation of precursor cells (PCs) at the neurogenic niches, including the subventricular zone (SVZ) of the lateral ventricles ([@bib39]). Following a stroke, a significant population of PCs within the SVZ divert from their initial migration path and navigate toward the peri-infarct region, signifying a possible role for SVZ-derived PCs in post stroke recovery.

Investigation into the role of PCs after stroke, derived from loss-of-function studies that abolish the ischemia-driven PC response ([@bib18], [@bib33]), suggests that PC proliferation is positively correlated with improved behavioral outcome ([@bib20]). Despite considerable effort examining this response, two essential features of ischemia-driven PCs remain unclear. First, it is unclear whether the ischemia-driven PC response solely gives rise to astrocytes ([@bib3], [@bib28], [@bib30]), or contains a neurogenic component ([@bib19], [@bib27]). While post-mortem studies identify adult-generated neurons in the stroke-injured cortex ([@bib12], [@bib17]), more recent work has suggested that adult-generated neurons are either absent or below detection levels ([@bib7], [@bib16], [@bib31]).

Second, if ischemia produces adult-generated neurons within the cortex, it is unknown whether these neurons functionally integrate into neural circuitry, a possible requisite to contribute to post stroke behavioral recovery ([@bib20]). Here, we determine the temporal and spatial dynamics of the multilineage cellular response to focal ischemia and demonstrate that adult-generated neurons become GABAergic neurons capable of limited integration in the cortex after a focal stroke.

Results {#sec2}
=======

Spatial and Temporal Multilineage Response from Nestin-GFP PCs following Ischemia {#sec2.1}
---------------------------------------------------------------------------------

To investigate whether PCs generate functional neurons following stroke, we used Nestin-GFP mice ([@bib38]) to label nestin-expressing (GFP+) PCs after a focal stroke to the sensorimotor cortex. Sham surgery mice (sham mice) contained GFP+ cells in the SVZ and subgranular zone of the dentate gyrus, in addition to a low density throughout the brain ([Figure 1](#fig1){ref-type="fig"}A), as reported in naive mice ([@bib34], [@bib38]). At 1 week post stroke (1 wps), a pronounced increase in GFP+ cell density was observed within the lateral and ventral peri-infarct cortices ([Figures 1](#fig1){ref-type="fig"}B and 1D), and persisted solely in the ventral peri-infarct cortex at 4 weeks post stroke (4 wps) ([Figures 1](#fig1){ref-type="fig"}C and 1D).Figure 1Cortical Stroke Induces a Spatial and Temporal Multilineage Response from Nestin-GFP Precursor Cells(A--C) GFP cells in the Nestin-GFP mouse following sham surgery (A), or 1 week (1 wps) (B) and 4 weeks (4 wps) (C) after cortical stroke.(D) Schematic of quantification regions in the sham and stroke-injured cortex (D1), and quantification of GFP+ cell density (D2). ^∗^p \< 0.05; ^∗∗∗^p \< 0.0005; p \< 0.001, Kruskal-Wallis test; n = 5 mice/group.(E--G) Immunostained sham mouse cortex (left panel) and stroke-injured ventral peri-infarct cortex at 1 wps (right panel) of GFP with OLIG2 (E), GFAP (F), and DCX (G).(H and I) Proportion (H) and density (I) of GFP+ cells in the lateral peri-infarct cortex. The proportion of GFP/OLIG2+ cells was ∼97% in sham mice, and decreased post stroke. p \< 0.0001; p \< 0.05 versus 1 wps; p \< 0.0001 versus 4 wps, one-way ANOVA. GFP/GFAP+ cells were only observed after stroke (1 wps: p \< 0.05; 4 wps: p \< 0.05, versus sham; one-sample t test versus test mean), but their proportion did not change between 1 and 4 wps. GFP/OLIG2+ density showed a non-significant increase at 1 wps (versus sham), with a significant decrease observed at 4 wps (p \< 0.01 versus 1 wps; overall, p = 0.001, Kruskal-Wallis test). GFP/GFAP+ cells were only present post stroke (1 wps: p \< 0.05; 4 wps: p \< 0.05, versus sham; one-sample t test versus test mean). No GFP/DCX+ cells were observed (n = 3--7 mice/group).(J and K) Proportion (J) and density (K) of GFP+ cell types in the ventral peri-infarct cortex. The proportion of GFP/OLIG2+ cells showed a trend toward decreasing at 1 wps (p = 0.054), and was significantly less at 4 wps (p \< 0.001), in comparison with sham (p \< 0.0001, one-way ANOVA). GFP/GFAP+ cells were only observed after stroke (1 wps: p \< 0.05; 4 wps: p \< 0.01, versus sham; one-sample t test versus test mean), and their proportion increased from 1 to 4 wps (p \< 0.05, t test). GFP/DCX+ cells were only present post stroke (1 wps: p \< 0.05; 4 wps: p \< 0.05, versus sham; one-sample t test versus test mean). GFP/OLIG2+ density increased at 1 wps (p = 0.01; p \< 0.05 versus sham), but returned to sham levels by 4 wps (p \< 0.05, one-way ANOVA). GFP/GFAP+ cells only appeared post stroke (1 wps: p \< 0.01; 4 wps: p \< 0.05 versus sham; one-sample t test versus test mean), and their density increased from 1 to 4 wps (p \< 0.05, t test). GFP/DCX+ cells only appeared post stroke (significant at 4 wps: p \< 0.05 versus sham; one-sample t test versus test mean; n = 3--7 mice/group).(L) Schematic of experiment.(M) Properties of cortical GFP cells from sham mice. (M1) Two-photon (2P) image of a GFP cell filled with Alexa 594. (M2) Current traces responding to voltage steps, and I-V graph of the amplitude at 5 ms (black, black highlight on trace) and 180--190 ms (red, red highlight on trace) from voltage step onset. (M4) Voltage traces, responding to current steps.(N) Properties of the first peri-infarct GFP population that resemble the cells observed in the sham cortex. (N1) 2P image of a GFP cell filled with Alexa 594. (N2) Current traces responding to voltage steps, and I-V graph of the amplitude at 5 ms (black, black highlight on trace) and 180--190 ms (red, red highlight on trace) from voltage step onset. (N3) Voltage traces, responding to current steps. (N4) Proportion of cells with observed electrophysiological phenotype.(O) Properties of the non-excitable second GFP population. (D1) 2P image of a GFP cell filled with Alexa 594. (O2) Current traces responding to voltage steps, and I-V graph of the amplitude at 5 ms (black, black highlight on trace) and 180--190 ms (red, red highlight on trace) from voltage step onset. (O3) Voltage traces responding to current steps. (O4) Proportion of cells with observed electrophysiological phenotype.(P) Properties of the excitable third GFP population. (P1) 2P image of a GFP cell. (P2) Current traces responding to voltage steps, showing fast inward current. (P3) Voltage traces, responding to current steps, showing the presence of APs. (P4) Current traces of sPSCs (Vh, −70 mV). (P5) Proportion of cells with observed electrophysiological phenotype.Scale bars, 1 mm (mosaic) (A--C), 20 μm (insets); 40 μm (E--G), 10 μm (insets); 20 μm (M1, N1, and O1); 10 μm (P1). Data: mean ± SEM. See also [Figure S1](#mmc1){ref-type="supplementary-material"}.

Stroke can elicit a multilineage PC response ([@bib22], [@bib24]), thus we phenotyped the GFP+ population in sham and stroke conditions. Similar to reports in naive mice ([@bib34]), the majority of cortical GFP+ cells in sham mice expressed the oligodendrocyte marker OLIG2, but not the astrocytic marker glial fibrillary acidic protein (GFAP), or the immature neuronal marker doublecortin (DCX) ([Figures 1](#fig1){ref-type="fig"}E--1H and 1J). Ischemia provoked a prominent, but transient, increase in cortical GFP/OLIG2+ cell density in the ventral peri-infarct cortex ([Figures 1](#fig1){ref-type="fig"}E, 1I, and 1K), consistent with previous reports ([@bib5]). However, the proportion of GFP/OLIG2+ cells decreased after stroke ([Figures 1](#fig1){ref-type="fig"}H and 1J). Interestingly, two new GFP+ populations emerged in the cortex after stroke. A GFP/GFAP+ population was observed in both peri-infarct regions, consisting of ∼8--27% of GFP+ cells between 1 and 4 wps ([Figures 1](#fig1){ref-type="fig"}F, 1J, and 1K). In addition, a GFP/DCX+ population was observed within the ventral peri-infarct region, comprising 2% and 8% of all GFP+ cells at 1 and 4 wps, respectively ([Figures 1](#fig1){ref-type="fig"}G, 1J, and 1K). Thus, our data support that a minor portion of the PC population develop into DCX+ immature neurons within the stroke-injured cortex.

To gain further insights into the identity of PCs post stroke, we examined excitability features of GFP+ cells in the peri-infarct cortex using whole-cell electrophysiology ([Figure 1](#fig1){ref-type="fig"}L). In sham mice, all GFP+ cells (13/13) displayed a 4AP-sensitive inactivating outward current ([Figures 1](#fig1){ref-type="fig"}M~2~ and [S1](#mmc1){ref-type="supplementary-material"}), suggesting the presence of an A-type potassium conductance. These cells had a low input resistance (IR), hyperpolarized resting membrane potential (RMP) ([Table S1](#mmc1){ref-type="supplementary-material"}), and no overt signs of sodium conductances ([Figure 1](#fig1){ref-type="fig"}M~2~), or action potential (AP) firing ([Figure 1](#fig1){ref-type="fig"}M~3~). These properties are consistent with cortical NG2/OLIG2 oligodendrocytes ([@bib9], [@bib34]) and, when combined with our histological findings, suggest that the sham Nestin-GFP cortex contains a homogeneous population of GFP+ oligodendrocytes.

In sharp contrast to control conditions, the stroke-injured cortex contained an electrophysiologically heterogeneous cell population that could be broadly subdivided into three groups. First, we observed cells whose properties were largely analogous to those of the GFP/OLIG2+ cells in sham mice ([Figures 1](#fig1){ref-type="fig"}N~1~--1N~3~; [Table S1](#mmc1){ref-type="supplementary-material"}). These cells were frequently observed approximately 1 wps, but less at 4 wps ([Figure 1](#fig1){ref-type="fig"}N~4~). Second, we encountered cells with excitability features classically found in GFAP+ astrocytes ([@bib32], [@bib40]): low IR, hyperpolarized RMPs ([Table S1](#mmc1){ref-type="supplementary-material"}) and passive membrane behaviors ([Figures 1](#fig1){ref-type="fig"}O~1~--1O~3~). Their occurrence increased with time after stroke, reaching ∼20% by 4 wps ([Figure 1](#fig1){ref-type="fig"}O~4~). Last, we observed a small group of cells within ventral peri-infarct regions with a unique excitability profile suggestive of immature neurons ([Figure 1](#fig1){ref-type="fig"}P). They displayed a high IR (\>2 GΩ), a depolarized RMP ([Table S1](#mmc1){ref-type="supplementary-material"}), and clear signs of sodium conductances: fast inward currents in response to depolarizing steps ([Figure 1](#fig1){ref-type="fig"}P~2~), and well-defined APs ([Figure 1](#fig1){ref-type="fig"}P~3~). In a few instances (2/3 cells), infrequent spontaneous postsynaptic currents (sPSCs) were observed ([Figure 1](#fig1){ref-type="fig"}P~4~). Many of these electrophysiological properties resemble those of SVZ-derived cells within the SVZ and rostral migratory stream ([@bib2], [@bib6], [@bib36]). These properties, combined with their preferential localization, which corresponds to our analysis of the ventral peri-infarct region ([Figures 1](#fig1){ref-type="fig"}J and 1K), suggest that this last population represents the DCX+ immature neurons.

Nestin-GFP/DCX-DsRed Peri-infarct Cells Acquire a GABAergic Phenotype {#sec2.2}
---------------------------------------------------------------------

The results outlined above led us to hypothesize that the excitable GFP+ cells present post stroke were the DCX+ immature neurons. To test this, and increase our capacity to identify DCX+ PCs for *ex vivo* recordings, we generated a Nestin-GFP/DCX-DsRed mouse line ([Figure 2](#fig2){ref-type="fig"}A). In the sham mouse cortex, a small proportion (∼5%--10%) of GFP+ cells expressed DsRed ([Figures 2](#fig2){ref-type="fig"}B, 2D, and 2F), raising the concern that DsRed expression may occur independently of endogenous DCX, as reported in other rodent models ([@bib35]). Consistent with this idea, no GFP/DsRed+ cells expressed endogenous DCX in the sham cortex, despite strong co-labeling in the SVZ ([Figures 2](#fig2){ref-type="fig"}B and 2D--2G). In contrast, endogenous DCX could be observed in cortical GFP/DsRed+ cells following stroke ([Figure 2](#fig2){ref-type="fig"}C). These GFP/DsRed/DCX+ cells were located primarily within the ventral region at 4 wps ([Figures 2](#fig2){ref-type="fig"}F and 2G) and resembled DCX+ cells found in peri-infarct regions post stroke ([@bib19], [@bib27]). To confirm that immature neurons could be successfully targeted for electrophysiology experiments, a subset of GFP/DsRed+ cells were filled with Neurobiotin, and *post hoc* quadruple-label immunohistochemistry confirmed the co-expression of GFP, DsRed, Neurobiotin, and endogenous DCX (n = 6) ([Figure 2](#fig2){ref-type="fig"}H). GFP/DsRed+ cell density in the ventral region appeared to decrease at 8 wps ([Figure S2](#mmc1){ref-type="supplementary-material"}), consistent with previous reports of DCX expression ([@bib27]). Together, these results re-affirm that immature neurons localize throughout ventral peri-infarct cortex, and validate the Nestin-GFP/DCX-DsRed mouse as a tool to reliably identify and examine immature neurons in the cortex following stroke.Figure 2Nestin-GFP/DCX-DsRed Mice Identify Neuron-Fated Precursor Cells in the Stroke-Injured Cortex(A) Schematic of Nestin-GFP/DCX-DsRed mouse.(B) Immunostained sham brain with GFP+/DsRed+/DCX− cells in cortex and GFP+/DsRed+/DCX+ cells in the SVZ.(C) Immunostained stroke-injured brain, with GFP+/DsRed+/DCX+ cells in ventral-peri-infarct cortex and the SVZ.(D) Proportion of GFP+ cells in the lateral peri-infarct cortex.(E) GFP/DsRed+ cell density in the lateral peri-infarct cortex.(F) Proportion of GFP+ cells in the ventral peri-infarct cortex. GFP/DsRed/DCX+ cells were only present post stroke (1 wps: p \< 0.05; 4 wps: p \< 0.05, versus sham; one-sample t test versus test mean).(G) GFP/DsRed+ cell density in the ventral peri-infarct cortex. GFP/DsRed/DCX+ cells were only present post stroke (1 wps: p \< 0.05; 4 wps: p \< 0.05, versus sham; one-sample t test versus test mean). n = 4--7 mice/group (D--G).(H) GFP/DsRed+ cells in the ventral peri-infarct cortex co-express endogenous DCX. (H1) Schematic of whole-cell electrophysiological experiment performed on a peri-infarct GFP/DsRed+ cell filled with Neurobiotin (purple). (H2) *Post hoc* immunodetection of Neurobiotin, GFP, DsRed, and endogenous DCX in peri-infarct GFP/DsRed cell.Scale bars, 40 μm (B and C), 10 μm (insets); 10 μm (H2), 5 μm (insets). Data: mean ± SEM. See also [Figure S2](#mmc1){ref-type="supplementary-material"}.

Previous reports have suggested that immature neurons found in the stroke-injured cortex predominantly originate from the SVZ ([@bib27]). Indeed, the ventral peri-infarct GFP/DsRed population seemed to be SVZ derived, as pulse bromodeoxyuridine (BrdU) injections to label SVZ-PCs prior to stroke resulted in GFP/DsRed/BrdU+ cells in the ventral peri-infarct regions in stroke, but not sham mice ([Figures S3](#mmc1){ref-type="supplementary-material"}A--S3C). In addition, retroviral infection of SVZ-PCs during stroke induction resulted in \>60% of virally infected PCs in the ventral peri-infarct region to co-express DCX at 4 wps ([Figures S3](#mmc1){ref-type="supplementary-material"}D--S3G).

As SVZ-PCs give rise to GABAergic interneurons ([@bib26]), we phenotyped GFP/DsRed+ cells at 4 wps for several neuronal markers ([Figure 3](#fig3){ref-type="fig"}A). Peri-infarct GFP/DsRed+ cells showed minor expression of calretinin and tyrosine hydroxylase ([Figures 3](#fig3){ref-type="fig"}C, 3D, and 3G), and no expression of calbindin or TBR1, a layer VI principal cell marker ([Figures 3](#fig3){ref-type="fig"}E--3G). However, a large portion (∼85%) of these cells expressed glutamate decarboxylase ([Figures 3](#fig3){ref-type="fig"}B and 3G). Analysis of 4 wps GFP/DsRed+ cells using fluorescence-activated cell sorting (FACS) analysis and PCR further revealed that these peri-infarct cells expressed mRNA for interneuron markers (GAD65, GAD67, and VGAT), but not principal cells (VGlut1) ([Figures 3](#fig3){ref-type="fig"}H--3J), supporting our hypothesis that adult-generated immature neurons in the peri-infarct cortex are GABAergic cells.Figure 3Peri-infarct GFP/DsRed+ Cells Express GABAergic Neuronal Markers in the Stroke-Injured Cortex(A) Schematic of experiment on the ventral peri-infarct cortex at 4 wps.(B--F) Immunostained ventral peri-infarct cortex at 4 wps, showing GFP/DsRed+ cell colabeled with GAD65/67 (GAD) (B), calretinin (CR) (C), tyrosine hydroxylase (TH) (D), but not calbindin (CB) (E) or TBR1 (F).(G) Proportion of ventral peri-infarct GFP/DsRed+ cells expressing markers (n = 3--4 mice).(H) Schematic of experiment performed to isolate GFP/DsRed+ cells from the ventral peri-infarct cortex at 4 wps.(I and J) Density scatterplots of FACS-isolated cells reveal a GFP/DsRed+ population (solid black line) (I) and mRNA expression in FACS-isolated GFP/DsRed+ cells from the 4 wps ventral peri-infarct cortex (J) (pooled tissue from three mice).Scale bars, 40 μm (B--F), 10 μm (insets). Data: mean ± SEM.

Nestin-GFP/DCX-DsRed Peri-infarct Cells are Excitable Neurons with Functional GABAergic Synapses {#sec2.3}
------------------------------------------------------------------------------------------------

Using this bitransgenic reporter mouse, we targeted GFP/DsRed+ cells localized to the ventral peri-infarct region for whole-cell electrophysiology at 4 wps. First, we encountered cells exhibiting outward non-inactivating currents in response to positive voltage steps, with little to no sign of fast inward currents, which we classified as class 1 ([Figures 4](#fig4){ref-type="fig"}A~1~ and 4B~1~). Direct current injection at times elicited small spike-like depolarizations (6/11 cells), but no bona fide APs ([Figure 4](#fig4){ref-type="fig"}C~1~). We next encountered cells displaying outward non-inactivating currents, but also displayed clear fast inward currents suggesting the presence of sodium channels (class 2; [Figures 4](#fig4){ref-type="fig"}A~2~ and 4B~2~). Small current injection (\<10 pA) evoked at least one AP, with some cells sustaining short trains of APs, while increasing current step amplitudes lead to an unambiguous depolarization block ([Figure 4](#fig4){ref-type="fig"}C~2~). Last, we encountered cells that showed a prominent fast inward current, an A-type potassium-like conductance, with a conspicuous near absence of a non-inactivating outward conductance (class 3; [Figures 4](#fig4){ref-type="fig"}A~3~ and 4B~3~). Consistent with this conductance profile, direct current injection elicited single APs followed by large plateau potentials resembling depolarization block ([Figure 4](#fig4){ref-type="fig"}C~3~). The inherent inability of the transgenic reporter mouse to neither birthdate nor indelibly label cells limited our capacity to further study the source of the observed heterogeneity in excitability features of GFP/DsRed cells. These results, however, demonstrate the presence of multiple populations of immature excitable neurons in the peri-infarct cortex.Figure 4Peri-infarct Excitable Immature Neurons Acquire GABAergic Synaptic Input in the Stroke-Injured Cortex(A--C) Properties of three unique classes of cortical GFP/DsRed+ cells post stroke. (A1--A3) Current traces resulting from voltage steps, with insets expanding on the 10 ms following depolarizing voltage steps. Significant inward currents were observed in both class 2 (A2) and class 3 (A3) cells. (B1--B3) I-V graphs of the amplitude 5 ms (black) and 180--190 ms (red) from voltage-step onset. (C1--C3) Voltage traces corresponding to current steps.(D) Current traces of an evoked PSC, reversing at −40 mV.(E) Traces (E1) and scatterplot (E2) of evoked PSC amplitude before and after application of bicuculline methiodide (Bic) (20 μM).(F) Evoked PSCs in class 2 (red), class 3 (blue), and combined 2 and 3 (black) cells are blocked by Bic (p \< 0.01, paired t test).(G) Current traces of sPSCs (Vh, −70 mV), for class 1, 2 and 3. Lower panel, cell-averaged sPSC event from single voltage-clamp recordings (individual events in gray).(H) Cell-averaged sPSC amplitude (H1) and frequency (H2) (n = 12 \[class 1\], 14 \[class 2\], 7 \[class 3\]).(I) Proportion of peri-infarct GFP/DsRed+ cells showing one of three electrophysiological phenotypes, classified by voltage-step response.(J) Traces (J1) and scatterplot (J2) of sPSCs before and after Bic application (20 μM).(K) Cell-averaged sPSC frequency in class 2 (red), class 3 (blue), and combined 2 and 3 (black) cells showing that sPSCs frequency is blocked by Bic (p \< 0.05, paired t test). Ctl., control; Amp., amplitude; Freq., frequency. Data: mean ± SEM.

Next, to assay the capacity for functional integration, we examined the presence of synaptic inputs. We were unable to electrically evoke postsynaptic currents (PSCs) in class 1 (0/11), but PSCs were observed in both class 2 (3/23) and 3 (5/7) cells. These electrically evoked synaptic responses reversed at around −40 mV, consistent with a chloride conductance in our conditions ([Figure 4](#fig4){ref-type="fig"}D), and were blocked by the GABA~A~ receptor antagonist bicuculline methiodide (Bic) (20 μm) ([Figures 4](#fig4){ref-type="fig"}E and 4F). Spontaneous (s)PSCs were present in the majority of class 1 cells (11/14), and in all class 2 (21/21) and class 3 (7/7) cells ([Figure 4](#fig4){ref-type="fig"}G). Whereas the sPSC frequency for all classes was notably low (∼0.02--0.22 Hz, [Figure 4](#fig4){ref-type="fig"}H~2~; [Table S2](#mmc1){ref-type="supplementary-material"}), their amplitudes were broadly similar ([Figure 4](#fig4){ref-type="fig"}H~1~; [Table S2](#mmc1){ref-type="supplementary-material"}). The very low sPSC frequency precluded further sPSC characterization in class 1 cells; however, we observed that the sPSC frequency was greatly (∼85%) reduced by Bic in class 2 and class 3 cells ([Figures 4](#fig4){ref-type="fig"}J and 4K). Collectively, our results demonstrate that GFP/DCX+ GABAergic immature neurons preferentially receive GABAergic synaptic input in the post stroke cortex. The scarcity of synaptic events, however, denotes the limited synaptic integration achieved by immature neurons into the damaged cortical network.

Discussion {#sec3}
==========

The ischemia-induced PC response is commonly suggested to contribute to stroke recovery ([@bib20]). Yet, the controversy regarding the neurogenic response post stroke, as well as the relative paucity of knowledge on the functional capacity of these cells, limits our understanding of this potential regenerative process. Here, we conduct a thorough investigation of the PC response in the peri-infarct cortex after focal stroke. We reveal that cells with a neuronal lineage, while few in number, are unequivocally GABAergic neurons with the ability to fire APs. These neurons, however, receive sparse GABAergic synaptic innervation, indicative of an underdeveloped capacity to functionally integrate into an injured cortical network. Together, these findings show that the stroke-injured brain evokes a suboptimal endogenous neurogenic process to create functional GABAergic neurons in the injured brain.

Our results raise new hypotheses. First, the neurons encountered in the peri-infarct cortex after a stroke shared a number of functional features with SVZ-derived neuroblasts, granule cells, and periglomerular cells found in the adult olfactory bulb ([@bib2], [@bib6], [@bib36]). This phenotypic resemblance raises the intriguing possibility that the recovering strategy of the ischemic cortex in essence relies on an ectopic re-routing of olfactory bulb-destined interneurons. If future studies were to convincingly establish the occurrence of this recovery process, it would oppose current theories that suggest that ischemia generates new neurons of subtypes normally resident in the damaged region, for instance as suggested in the stroke-injured striatum ([@bib1]; but see [@bib25], [@bib28]).

Second, we encountered immature neurons that displayed a remarkably high IR, and readily fired APs, also unlike the adult-generated neurons described in the stroke-injured striatum ([@bib15]). While the unique excitability profile of these adult-generated neurons could potentially facilitate and maximize their integration into the cortex, akin to what has been proposed to occur during the neurogenic process in the dentate gyrus ([@bib13], [@bib29]), their sparse synaptic innervation as demonstrated by their low sPSC frequency may be insufficient to incite substantial changes to a cortical network. As such, this work points to possible key limiting factors affecting the suboptimal endogenous neurogenic response present in the ischemic cortex. Our study of the excitability features and functional integration of adult-generated GABAergic neurons within the post stroke cortex reframes the challenge of stroke recovery toward increasing the number of neurons, and maximizing their incorporation, to ultimately impact behavioral recovery following stroke.

Experimental Procedures {#sec4}
=======================

Mice and Surgical Procedures {#sec4.1}
----------------------------

Nestin-GFP ([@bib38]) and DCX-DsRed ([@bib10]) mice were maintained in standard laboratory cages on a 12-hr light/dark cycle. Focal ischemia was produced in the sensorimotor cortex using a modified version of the photothrombotic model ([@bib37]). Animal procedures were approved by the University of Ottawa Animal Care Committee and adhered to the guidelines set forth by the Canadian Council on Animal Care.

Histology {#sec4.2}
---------

Mice were perfused with 4% paraformaldehyde, brains were stored in 30% sucrose (in 1× PBS) and sectioned (40 μm) with a Leica sliding microtome. Free-floating sections were processed for fluorescent immunohistochemistry as described previously ([@bib8]). Cells were quantified in the peri-infarct cortical region, defined as a 250-μm-wide zone surrounding the necrotic border of the infarct. Cells in the corpus callosum were excluded from analysis.

Electrophysiology {#sec4.3}
-----------------

Coronal slices (300 μm) containing the full extent of the infarct were generated using a Leica VT1000S microtome. Since photothrombotic infarcts transition to become a substantial plug of necrotic tissue at 4 wps, agar blocks (3%) were mounted behind the brain tissue to maintain slice integrity. Whole-cell electrophysiology using a potassium gluconate-based intracellular solution and two-photon *ex vivo* imaging was conducted as described previously ([@bib21]).

FACS Analysis and PCR {#sec4.4}
---------------------

Peri-infarct cortical regions were sorted using a MoFlo Astrios EQ (Beckman Coulter, Canada). mRNA was extracted using Arcturus Picopure RNA Isolation Kit (Applied Biosystems; Thermo Fisher). RT-PCR was completed using 300 pg mRNA and the OneStep RT-PCR kit (QIAGEN).
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